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213 PRU RION4 OF RO BCXPI7'T= -OEOi!N

IARTI Ust ne jax'M Laboraory-.mle krgtato of
cL-Chlgro-n-Wtoac*!6ihvorne (o-NIitro-CNi)

by

A.H~. ?o.--oore1 L.J. Lvra;ijt and G.A. Wood

1, f Chlor--l.trGOOtp~wre (o-Nitro-CN; T-732; (1)), alth~ough
loss powarftl than -- ihlooacetophenorc (ON) as a lachrymator, has &aa.
ive and irritan~t properties so za-rked that it is ft most vmluablo agent for
testing the fit of respim tor facopioee where a roa.4 naocurftte fit Is
essential.

The~ stll scaleo pruparmtion of the forraer su~bstanKce wnij deoribod.
rooently in a 1'orton Tealnicalik lpor ). Thij nethod was basoed on the
aynthesis of A.*t~teieo de scribed4 n Organic bynthasos (2).
The method cocmistc4 in roacting the magnaiun salt of diethl~y malonate
with o-nitro-bensoyl ahloride vu ond 1,sinp the tJOVWI o-n.itrobcnzoyl-
malonvite so obtained.

Th-,i -jehok w-.n t'cun.l tcz ha ran a..ivnntages over those a]roady
denoribel (3j. T'he yiol. was verf ga; ank! th.e purity of the product
excellent. :hc Utter point was of lAzrtioulax importance sL'-oe the m-
anl p-ismnors on *hIzrinawti~n gave substances sc inferior in aggressivre
;prcprtiles as to be &*la~a fittiz~g agents.

:-hcug~ ctma o autlhar5 cf the Present rVICZ-t (*'.H. Por~i-1oorv)
fcwra- ra; 11 fMoulty in .;apring ;-nltm-bonzsoyl ohloride frux o-nitro-
bunwo acid amui alsL; in distIl2Ang the product ura4er ro-u prosUrop a
ftm tl:*t ba" u araken the prqarmtion of I Kg_. of .732 eqierionced t-wo
suoh Cuseatrotw explooions IJ'.at they -L=orwa the pr-Jeot.

vii -,th ir n jsto fiiled. t Aeiit the osof these
erws±.U h any cortAinty, but it sevrx oletr that the netho,; m4optodl,
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Sinc Portonlzd had sce considerable eerienoe in the preparetin
of thit ubStoo, it as decOed to prepare a quantity of it, usirg mter-
iais of unequivocal purity. As it soe possible that there may be a deasnd
for this substance in the near future, comprehensive directions for its prep-
aration are giwn in the Apondix.

7. The lr~ain o oit'berzoc Acid

It seno&"nost prdtabls that the rik of acoidmt in the preparation
of o-nztrobsnzqyl ohloride might be minimsed, or even eliminated, by the
use of a really high grede of o-nitrobenzcic acid. This is beat obtained 1y
the oxidation of pure o-nitrotolum2 with potassium perma nats. The
forner substane can be purchas4a in a high state of purity and was distilled
under reuoed pressure through a helix-pooked colum before use. When o-
nitrotolufne i. 0'Ie to a boiling solution of potassium peozwna te, a very
pure saple of the aciA is obtaind after one orystllisation from Wat.
But this method has the drawback that the volume of the reaction proiuot after
filtering the mntn se dioxide fomed (on. 4 litres) is very largo compared
with the yield o acid (ca. 110 g.). Sinoe the latter has a very appreelable
solubility in cold water, the volume has to be reduoed to ca. 800 oo. before
isolating the acid by acidification.

The exhaustive studies of Big olow (4) on the oxiation of the three
nitrotoluneas showed that in the caso of the o-iscmer, the maxdxn yield
d*Penid on various factors, the ost important points being: (i) the
reactants should be in the highest ocawenjent dilution, sane inrasing
ocWWOtrtion avoured not only the deoczpoiti-on of unreaooe peraagate
but also the destructive oxidation of thi acid formed; (ii) the presence
of a smal anount or free ilai at the start of the reaction has a Mrkad
aacelerating affect on the "es' of the oxideation; (iii) the optim propor-
tion of poz=mxngate in about IC% exocza of that d rnioa by theory. A

veeter % rese t r ded to destrvy the acid by iAwrther oxidation as fast as it
wks formed frmi the nitrotoluene. ?or the some reason, it in piarticularly
Important to ndd the oxidising agent to the nitrotvluene so as to avoid
further oxidation cf the acid by the pjemagn-rte when tho reverse order of
addition wns rollcwd.*

(1) and (i) have received ample c<eiination in this laboratory.
In kn attftvt to reduoe the bulk of the reaction nixture, the mount of
water +A., was hualvod, As a result, a narked fUling off in the yield of
acid was noticed. oreowvr, whm the oxidation was oarried out in the
presew# of ewa = sulhj*ate (so as to wanta n netrality dwring the
oxidation), poorer yiel were again obtained.

Aoo:vU y, an alterrtiwe tthod, based on that or Raimer and Gate-
wood (5j), wavs wrked out. Crtain z1ffoations were irnroducd so that it
ocald be soaWa vp sewutfold w9n also ranr on a aeri-*oatizwous basis The
slightly lower y~a14 (76$ as agairst 85 - 9% olalne br Roime assi Gate-
wood) ne re thn otu pensated by the saving of time, labour and laboratory

reWIy seaking, it conisted of a44ng solid i otanianato to a
stirred, bailing sumpnca ofl nitrotobua in very dilute siodims t'droxids



solution At t10 and of the reaotimp the mangm se diojd& and iuuwoteli
nit tumae sattled to the bot-tm of the r tion vesel in the bm of a
*a~at sae and the clear alkiLine solution of the rdtrobansoio acid was
d4ooat.d Tho sbe ,as filtereod, the mroacted nitzvtolumne separated
w use in & m muboo xt run and the aqueous portion added to that &1rea4

dsaated. T* memh- ee aioide s than wahed, the washings being used
t provide the necessary alkali ad part of the water in a subsequent rim.

The *&in aqueous portion was than fed into an evaporator for oomem-
tration and tinafly acidified with ocoentrated hydrochloric acid. After
standing in an Ice box overnight, the nitrobansolo acid was filtered and
re1ystallimod fhm boiling water. Although the fihed pruot was not
qisite so pure as that obtained in Method (i) (Appendix), it was qtxite pure
enough for oonversion to the aoid chloride. Furthermore, the tedious
recovery of the uzaac ted nitrttoluene is avoided.

Using o-aitrobenzolc acid prepared as described in the previous
paragah, no trouble was e*erieeod in preopring the chloride, though it
was considered advisable to distil the thiorW. chloride used through a helix-
packed coon. For a prepaation on a three-aolar scale, the reaction was
carried out in dry bmasa, diluant and excess of thionyl chloride being
rov midsr disinished pressure at the end of the reaction. It was found
unnecessary to distil the nitrobensoyl chloride since it solidified Ocnlqtely
at the er of the cleration.

4. 2 t ria_t&o of c-i t~eo SeA T,,732

These two stzges of the synthesis call for no c nt. It is suffic-
iLat to uW t , i the preparation of the fonaer, a thrue-molar run can be
carried out without difficlty. Even when the undistilled chloride was used,
the nitromaotophtro ryta".lised, oQpietely in the reoeiver on vacuum die-
tiUstion, Its melting point mhowed that it was in a very high state of
punl.W. The final chlorination to T.732 vas carried out as described in the
r.1.iwat Prtor. Tomhnica Paper 0).

The train of Oveet.4ons from O-utrotolunm to T732 (1) is as

3 0
(a)flbO4)

~ (~4k

(b) OZRIi

0430



us) + Do~

K"OCH(=P 5 ) 2) 2 . 2 Q0.oci -b
N02  kO2

22
NO2

5. Th prepar-ation of T.7352 an a l.age l.aborastor'y soa.la presents no

of a high deg of purty is essntial. W this assured, no further
troublo is experienoed. Material of this purity may be obtained by the
p s~pum te Oxi."tin of -mo-nioeto , sotlowe by e msta!lisation: fr wter.

i When said of high prity is used, the acid chloride, obtained by
Ithe h eien or reditilled thiIr5 l lorid in thinns r neozt erei ds t reddis tillaticn.

Usin the magnezim-alni eat-r syntrhesis, the o-nitroi.watoienone

iis obtkiw% in a high state of purit, even thug the aoid chloride Is

ir' the experimental conitnn dmoribed in this report are adhred

to, theme is w risk of *x~csions duaring the preparation.

6. The authors wish to sokmwgem the most useful oupestionr and
prctidol 4saistwe of C. Strat d a R.V. Ley.
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Mina~

Ptass1Um Vormpwte (14 go) and water (4 ) ~ad n#
6-Utre 314meoke Sym. 91ak t~tea with a powera.0 wtaindes. sto"l 0 irrer,
04 WAOtlm O~MAIR (Not. 1) and ar~ps fwwlazytma tt oit-n 1"M

StlXrwr1 U-tr~ the aWztmv* hised,. to baL4Z Oyer & rngl btawr ut
,Usopu* Vmn oilag*- aovA20 c.of the zditroto'mamws~ ar itzodwo.

Av om as this vlirs o44atioa sets . thm, burnsr is c~Al~gAsed And thtf restof'ths, Rl.*tolumhh rt in at muoh a mt that reapJA boilial is min-
* tSM WUm the .Mtion is ocqrato, the burner is "elit and the mixture

rOUMAP wIth 000tmA~ 4t1rug, tin the POMUWJte is used vV (Note 2).
Uxs* 0 reure bout I hoar.

2w ocaowe i h anmtfo itiltn At* ooovWj thni e-
p16o*d br a Stema inlet end uncsacted natttObA=W 2'oWd by st,0 datatiEZ-
IL* fi &se4 using aL 2aM sJ*.rC.-glas ftmwJ. and a 10 litre filter ?ilaak

The fil1trate ste omweaftrted to a&.Wc. by diatalatima. t
a st bath with the aid of a water pww, a 2-litxs 8.ttifliag flas is
used, VAn the filtrate trsnstentd gmdaaW from the filter f1U k by meas
of a si~boa t*e and stopoook. The residue after filtering j., nwasesazr,
is added1 to a mixture of bydroohlorio acid 1.18; 40O oe.) ar-- aibout
600 & Ot ice 0%"a6 2Me PwCOSipta aold is filtered an& waaewl with
*bot 250 00- Of old Water. %he wet pA-O~t (4Ot. 4) 1s XSCMtOUlIU04
fivi boiling water (as&. 'k00 oo.). After cooling i-n the ine-bom ove~i.t,
+'- P~we aci is filter-4 and 4ried in a steam cm.. Th yAeVh is 85 - 96 g.

R9- 74S, based on the nitratobamwed iqA (Note 5)), &P ulp. -4 149q'.

10 To avoid ohoaiag &uring the Vigorous reAction, the oow1 %W-er abict"1
be of wide ban paotrabLy of the double intenwi oma type.

Z- MAO = be &kaww by withdzwinta amdrp of rgatima~ Lxtlw *it.,
a laas rod And wpotting a pis". of filter maer. Aheoo of 104 trace of
pink IM VWe perimter Of the black spotf~toat4* that tVw rou*tin iS oftm-

* 3.~I Ia onl to taciltate the rasoval of the nitrouolaft* ly stem aie-
tR3lsttL~th "MUM.c flask shcoUa be bested. It is OssCUI'1 tbat *ti'-

MAEg is esiftaimd *&vUi~aut as. without this, the v4-oleat -,kpng adused
bY the ma40mmee diaxide my ftsily lead to the fracture of tho flask.



4. 2he proipitated acid rtaiza a 0 ni4srablo qantity or f wtt

11q.&r frm the orstalsation dvz14 be uw4 th f r r itallizing be~uant -

batah.., aim* c,-%trdbvnwco *aid Is appreciably soluble in cold water.

5. Recovre O-ntiotole v A bo used in subsequent rurs.

o.4itrctc~x.W (271.g&; 236 c., 2 mols) softakdrl(20 go;
0.5 sols) a&M water (2.5 litre3) are mixed in a 5-litre 3-necked flank fit-
ted with An efficient stirrer and a long wide-bore rtb~x oor~enser (approx-
k'Aktely 30* x I"~ ins.?,e diameter). The suspension is stirred aid heated to
boiling. The sourae oi 1eat. (Note i) is thien roduoed a! soli.d potassiumi
petmnonste (695 S.; 2.2 mocles) introduced in porticno down the ondensar,
with the oooaasional a-zi.taae of a glAss rod in the event of clog"~n, as
rapi~ly as is consistent with the effective refbux control of the react ion.
A, smalls constant upplyr ai heat is maintained throughout to onsure that the
t~perstture of the vdxture does not fall below twiling point (Noto 2). When
th. last of the peD-anpAxmte hAs completely reacted, stirring o-md heating
&re Llieomitinied and the mixtu.-v all1owed to cool# The zww~nesc c(1Ado
ArA urweactad nirtoluenc. settie out eleanly and rapidly as a c i etnat
love 14yer from which the bulk of the olear alkalino of nitrobanzoiki acid
is decanted. This -a Me Into an a-aporator ad eommrtrated on eti ak
bath undar reduced pmesure till the acoumxats &Its be,-xn to onvatallise.

the sludge of rwqono dioxido andi nitrotolenz 5 a filtered an.. tho
filter cake waal.od with hvt water, tho vrA~xgs being kept apaate 1ron
the main filtrate. Unreacted uitrotob-'-ne * isrvooved frce the filtrate ru\1
11xW the vWkiins (Note 3), the filtrftte boing r~t~edl to thy;- main bulk of'
the alkaline~ nitrobensentic solq.tio21s and the washirgs bair.4 used to suppy
the necesary alkalkA and part of the inter ini a subsequent n'xi.

Tho ooentrat-ed alkaline nitrobenzoate ,%oution iz then aoii~ified
to Corgo R" 4 with hydroohiorto esoto ( d 1.18) (Nott 4) aa, after steai, .ng
owemiht in an ice box, the nitrobonzoin acid filtorvd Wn washed , -wie
With oWd water. It vas crysallized frcim boittN~ vvater M after drying
at *,XO, nlted at 1420 It was adficiently puxre for onversion io the
acid chloride, All fitrates are a,2biraod and wrkrxd ip bv ioncent- atior.
wider r* uced pressure. 711- a-mmao yioid finn eac of six such rv e is
195 g. 7% basedl .n the nidrrtoliew actur-.ly coraxm~e)

* A ring bun.ne ant an aabestov-Swune :Pt was used; prvvided th-at
~oatiaw" sren ,fficiant stizring is mainztained thxvughet the perioc of
hsating, tbars is no risk of trouble being caused by the akintg of tt&
&UWM" 164oZI4JS on the bottom or the MAL~sk

2. On** star-ted, wV sort,=u Inlay cr Interruption in the additior of
the peAssepmte, rovilting i, owling and st~sequent re-heating to reL'kIx
tOMP"aturot causes ak MAMk. CecreLse In the yield of prod=x.t.



" ' ' The unchanged nitrotoluene thus recovered is in a state of uriyv ,

fi.Wthish fo' ude without further'purificatici in sub soqueit uns.
~,, The Mr. recovezy for six runs is. 6 4g4e(5 cc. pr r=n

4. Hydrochloric acid is better than 5C% sulphxiic acid.' In"later -runs.,
the accunulation of ,the relatively sparingly soluble potassium sulphate was
such that it 'tended to crystallise out in preference to the nitrobenzoic
acid. The geater solubility of potassium chloride obviates this difficulty.

2. o-Nitrobenzoy-loria

Redistilled thio:,yl chloride (300 cc.) is added with gentle. swirling
to a mixture of dry o-AtrobenzoiO acid (471 g.) in dry benzene (1350 cc.)
-(Note i) contained i a 3 litre round flask4 The flask was then fitted
with a reflux condr.ser protected with a calci m chloride guard tube and
the mixture heated to gentle refluxing in an oil bath for 2 hours. Copious
quantities of siphur dioxide and hydrogen chloride are at first evolved
but after about 90 minutes these have practically ceased. The condenser
Vas then set for distillation and the benzene and excess thionyl chloride
.recovered under scmewhat reduced pressure, care being taken to keep the
temperature of the oil bath below 850 (Note 2). The last traces of thionyl
chloride are rimbved in vacuo, small quantities of dry benzene (4 x 50 cc.)
being used as an entrainer. The oily residue after heating on an oil bath
(temperature below 85 ) at 0.1 rnm. for 2 hours is allowed to stand in a
stoppered flask in a cool plac6 overnight. It then set to a mass of small
crystals, m.p. 230. Yield 504 g. (986 / on the o-nitrobenzoic acid).

NQ TE S

I. The use of benzene as a diluent serves to moderate the violence of
the reaction and ensures that the reaction temperature does not rise above
850.

2. o-Nitrobenzoyl chloride should not be heated above 1000 as, above
this temperature it has been known to deccmpose explosively. (6), (7).

3. o-Nitroacetophenone

The reaction is carried out in a O-litre 3-necked flask equipped
with two reflux condensers of large capacity, an efficient stirrer and a
dropping funnel. The whole apparatus should. be dried in a warm oven over-
night and was protected from atmospheric moisture with calcium chloride.
guaz, tubes.

Clean, dry magnesium (75 g. ), 2 ous ethanol (72 co-) carbon
tetrachloride (dried over phosphorus penboxide) (4.5 cc.) and a trace of
iodine dissolved in sodium-dried ether are placed in the flask, It is
warmed cautiously till a vigorous exothenic reaction sets in, during
ihich :7odium dried ether (2205 cc.) Ls added and- the flask heated on A,

var wwaer bath so that the ether refluxes quietly. To the rapiLdly stirred

RESTRIOTED
- 7-
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$JU=is added a MixZU" of Xoiis".1304 oft mlommt (443~ a.; 42063 oa.),
elb *awil (292.5 oo.) "~ ft otbr (30co.), tbe addition taki3te
h . 2 heatig WS 0outimed for3 bours, b7 wich tim 41 e

taizsd. tb ho&W the operatize.umw rr - QL.LI ua a IAw" F~ solutio. obtie. 8t1.rii IV, Umn-

8 1. onayl chloride (%04 &) in dry ether (600 oc.) is tben &&.e&
ovw a Verid of 15 simates to the razvp.ly stirred solution. Towards the end
of the addition, the reaction mixturo bmo gren sad a stio1y solid aepar-
ates out. Stirring become very diffi-1 t and at the and of the adation had
oeeue4 After ooo an to roon teperature, &--wls1 solution of ocacntrated
w3l~aio scid (202.5 oc.) in wter (2?25 cc.) Is added slowly. The reaction
mixt" in stirred for 0.5 hour by *14h tie it bad ormed two layers The
ether 14yrM is separated and the wter layer extracted with other (3 z 400 o.).
2he *thor fron the oambined ether larr is reoovered by distillation fron a
Stem bath, the Orq7 residue treated with a mixtre of glaoia1 acetio acid
(900 00.), owcantrated sulpharlo aoSA (I1.6 oo.) and wter (58 co.) and
the whole heated under gentle relux for 4.5 hours. Mm reaction nixhue is
cooled, firily In loe, and made albAlne with 2C* aqueous damm bydramide
(fote ). Te r sultm cixture extracted with ether until it no longer
OlWS of the product, the ether extr-.ots combined, dried with ax*Wirous
Mapesium suithate and the ether rued on a steoa bath. The darf midue
is pirified by distillation under reetwed pressure from a lon flask fitted
with a IV 4 porath colmon. The yiA. of pas oitroaoetaophon, b.p. 104 -
106*/4, mou is 37 f (16,% based an %ae o-vitrobansoic acid or 58% based on
Son-rtrotoluma). It has the fo .,-ing pkqsi al oonstants; f.p. 25o;
IV 1.5476.

The us of a lar.p excess cC sodiun t droxJde should be avoided as
t appears to bri;ng sbou ane dia-oQmpostit

A woution f chlorine is rvparei by passing the ips through a
s terad &lass 4stribtor into a txture of glaioal soetic acid (450 oo.)
and hYdrahloric acl, (d. , 16; 513 c.) until saturateLd. This tab*s about
2 hmurs The strer4*. of this "otion is deterined by adding an aliquot
p~tio to an eXsMs of potaksgirM odide and estisating the liberated iodine

(G 10 ,,0 af te latte) ta the mixtuzo k ee to stn In a fuse op

bard at oft wmatturo. Tv t**Aatawoe of the aixtw' gradally ris
X fiM *y m o after 2 hrs, by w tn the yellow Oow at

nM On t "ambath togieaaorqoTiindpt whwu
ps (b.p. 40 - 00), o e tco 

o  0 anfitee. Te of p ot is

(as-#aP..57-61,

-8-CT



k purer pmrv41ct nay be obt&inad (imp. 64 650) byav
from mathArwl, forlowed by strcng oec24rng 7his is attewda by aiim loss
and the unpurif iod product is good anouS~ for most P~rposes.

(1) Ford-Moers- Ptrton Technical Paper No.222. The preparati~n of r.nsg-
subst itutod Clr~oaeto~wnonos.

(3) ?ord.-Ilo(rr mnd Rydcr.; Z .C- 1946, 679.

(5) Reizmor wzd Gatevcod; C.S. I.1, 1WS, (1920).

(7) Res-mroh Direot .rate, X ari B., Chmz. art! 1Ini. 1946, 59.
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